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Large magnetothermopower effect in Dirac materials (Sr/Ca)MnBi2
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(Dated: 22 November 2018)
We report temperature and magnetic field dependence of the thermal transport properties in single crystals
of (Sr/Ca)MnBi2 with linear energy dispersion. In SrMnBi2 thermopower is positive, indicating hole-type
carriers and the magnetic field enhances the thermopower significantly. The maximum change of thermopower
is about 1600% in 9 T field and at 10 K. A negative thermopower is observed in CaMnBi2 with dominant
electron-type carriers and, in contrast, the magnetic field suppresses the absolute value of thermopower.
First-principle band structure shows that the chemical potential is close to the Dirac-cone-like points in linear
bands. The magnetic field suppresses the apparent Hall carrier density of CaMnBi2 below 50 K. The large
magnetothermopower effect in (Sr/Ca)MnBi2 is attributed to the magnetic field shift of chemical potential.
PACS numbers: 65.40.-b;72.15.Jf;75.47.-m
The magnetic field influence on the thermal transport
in ordinary metals is usually very small. Initially the
large magnetothermopower effect was observed in doped
InSb which was attributed to the effects of the sample ge-
ometry on the minority carriers.1 In a system with large
magnetoresistant effect the magnetic field has significant
influence on the properties of carriers and large magne-
tothermopower effect could be expected. The giant mag-
netothermopower effect was achieved in the giant magne-
toresistant multilayer/granular systems and the colossal
magnetoresistant manganites, which could be of interest
for magnetic field sensors or magnetic controllable ther-
moelectric devices.2,3
Ag2−δTe and Ag2−δSe are gapless semiconductors with
linear energy dispersion. They were found to exhibit
very large linear magnetoresistant effect.4–6 In materi-
als with Dirac fermions the distance between the low-
est and 1st Landau level (LL) in magnetic field is very
large and the quantum limit where all of the carriers oc-
cupy only the lowest LL is easily realized in relatively
small fields. As a consequence, extraordinary quantum
phenomena in magnetic field such as unsaturated mag-
netoresistance and Berry’s phase were observed.7,8 In
Ag2−δTe the magnetic field has significant influence on
the thermopower as well as on the resistivity. The maxi-
mum value of magnetothermopower S(9 T)−S(0) ∼ 470
µV/K at 110 K is observed. It was proposed that the
Dirac carriers with linear energy dispersion play impor-
tant role in the giant magnetothermopower effect.9 Re-
cently, (Sr/Ca)MnBi2 with two-dimensional Bi square
nets are found to host Dirac fermions and the large linear
magnetoresistance,10–13 but the magnetothermopower in
these materials is still unknown.
Here we report the temperature and magnetic field
dependence of the thermal transport properties in
(Sr/Ca)MnBi2 crystals with Dirac fermions. In SrMnBi2,
thermopower is positive indicating hole-type carriers.
The magnetic field enhances the thermopower signifi-
cantly. The maximum change of thermopower is about
1600% in 9 T and at 10 K. In contrast, negative
thermopower is observed in CaMnBi2 with dominant
electron-type carriers, whereas magnetic field suppresses
the absolute value of thermopower. First-principle band
structure shows that the chemical potential is close to
the Dirac-cone-like points in linear bands. The gi-
ant magnetothermopower effects in bulk Dirac materi-
als (Sr/Ca)MnBi2 are attributed to the shift of chemical
potential in the linear bands by the magnetic field.
Single crystals of SrMnBi2 and CaMnBi2 were grown
using a self-flux method.12 The crystals are plate-like and
the basal plane of a cleaved single crystal is the crystallo-
graphic ab-plane. The crystal was cleaved to a rectangu-
lar shape with dimension 5×2 mm2 in the ab-plane and
0.2 mm thickness along the c-axis for thermal transport
measurement. Thermal transport properties were mea-
sured in Quantum Design PPMS-9 from 2 K to 350 K
using one-heater-two-thermometer method. The direc-
tion of heat and electric current transport was along the
ab-plane of single grain crystals with magnetic field along
the c-axis and perpendicular to the heat/electrical cur-
rent. The relative error in our measurement was ∆κ
κ
∼5%
and ∆S
S
∼5% based on Ni standard measured under iden-
tical conditions. First principle electronic structure cal-
culation were performed using experimental lattice pa-
rameters within the full-potential linearized augmented
plane wave (LAPW) method14 implemented in WIEN2k
package.15
The in-plane resistivity ρ(T ) for SrMnBi2 (Fig. 1(a))
exhibits a metallic behavior. An external magnetic field
enhances the resistivity. As the temperature is increased,
the magnetoresistance is gradually suppressed and be-
comes rather small above ∼ 60 K. Thermopower S for
SrMnBi2 is positive up to 340 K indicating hole-type
carriers (Fig. 1(b)). Below 50 K, S shows a nearly
linear dependence with decreasing temperature in ac-
cordance with the diffusive thermopower response in
metals.16 In this temperature range, thermopower in-
creases with the increase in temperature. There is a
hump in thermopower curves at about 50 K, consistent
with the thermal conductivity peak (Fig. 1(c)). The fit-
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FIG. 1. (Color online) Resistivity ρ (a,d) thermopower S
(b,e), and thermal conductivity κ (c,f) for SrMnBi2 (a-c) and
CaMnBi2 (d-f) in 0 T (squares) and 9 T (circles) magnetic
field, respectively. The inset in (a) shows the specific heat
data in the low temperature range as Cp/T vs. T
2 and the
line is the fitting results for SrMnBi2. The inset in (b) shows
the linear fitting results of S in low temperature range. The
inset in (c) shows the charge carrier (κc) and lattice thermal
conductivity (κph).
ting of the specific heat data (inset of Fig. 1(a)) using
Cp(T ) = γT +βT
3+ ηT 5, where γT is the residual Som-
merfeld coefficient and βT 3 + ηT 5 is the phonon part of
heat capacity, gives the Debye temperature ΘD = 310
K. In the fitting it was necessary to include anharmonic
phonon term ∼ T 5. The hump in thermopower at ∼ 50
K is approximately at ΘD/5 ∼ 60 K, implying that it
originates from phonon drag effect.16,17
At high temperature range, thermopower exhibits a
peak at about 200 K and then decreases to negative val-
ues at about 350 K with further increase in tempera-
ture. External magnetic field has slight influence on the
S below ∼ 5 K and above 250 K, but significantly en-
hances S between 10 K and 200 K. The magnetic field
has negligible influence on the thermal conductivity (Fig.
1(c)). The lattice thermal conductivity (κph) is much
larger than the carrier thermal conductivity (κc) which
is derived from Wiedemann-Franz law κc = L0T/ρ with
L0 = 2.44× 10
−8 WΩ/K2 (inset of Fig. 1(c)). This im-
plies that the phonon transport dominates the thermal
conductivity but should not be dominant in the magne-
tothermopower. Results on CaMnBi2 are similar (Fig.
1(d-f)).
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FIG. 2. (Color online) Magnetic field dependence of the
magnetothermopower ratio ∆S = |(S(H) − S(0))/S(0)| for
SrMnBi2 (a) and CaMnBi2 (b), as well as the apparent car-
rier density derived from Hall resistivity for CaMnBi2 (c), at
10 K, 20 K, and 50 K, respectively.
The magnetic field dependence of the change in ther-
mopower S (magnetothermopower ratio ∆S = |(S(H)−
S(0))/S(0)|) for SrMnBi2 at different temperatures is
shown in Fig. 2(a). At 10 K, ∆S increases linearly with
increase in magnetic field similar to the linear field depen-
dent magnetoresistance 12 and approaches ∼ 1600% at 9
T. This value is comparable to values observed in man-
agnites (∼ 1400%) and Ag2−δTe (∼ 500%),
3,9 although
the value of S is small (peaks at ∼ 10 µV/K). With
the increase in temperature, the magnetothermopower is
suppressed but ∆S is still ∼ 200% at 20 K and ∼ 150%
at 50 K.
CaMnBi2 has similar two dimensional Bi square nets
but somewhat smaller unit cell since Ca ion has smaller
radius than Sr ion. The magnetoresistant behavior of
CaMnBi2 is similar to SrMnBi2
13 whereas the ther-
mopower is different (Fig. 1 (d) and (e)). The ther-
mopower S is negative in the whole temperature range
indicating electron-type carriers and the magnetic field
suppresses the absolute value of S (Fig. 1(e)). The
magnetothermopower ratio ∆S is smaller than values in
SrMnBi2 and the maximum ∆S is about 120% at 10 K
and 9 T field (Fig. 2(b)). Fig. 2(c) shows the mag-
netic field dependence of the apparent Hall carrier den-
sity for CaMnBi2, napp = H/(eρH) at several different
temperatures and in the simplest approximation where
conductivity of a single carrier band is dominant. At low
temperature napp is very sensitive to field. For example,
the carrier density at 1 T is reduced up to half in mag-
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FIG. 3. (Color online) (a) The total density of states
(DOS)(black line) and local DOS from Ca (blue line), Mn
(green line), Bi square nets (Bi1, red line) and another type
of Bi (Bi2, magenta line), for SrMnBi2 respectively. (b) The
band structure of for SrMnBi2. The dashed line indicates the
position of Fermi energy..
nitude in 9 T field. At ∼50 K, the magnetic field has no
significant influence on the carrier density.
SrMnBi2 and CaMnBi2 host Dirac fermions with linear
energy dispersion which dominate the electronic trans-
port properties.10,12,13 Both have small density of states
at the Fermi level, as shown in Fig. 3(a). The first
principle calculation indicates that the Fermi level in
SrMnBi2 is just below the Dirac-cone-like point in linear
bands (Fig. 3(b)) and the dominant hole-type carriers.11
This is consistent with the positive thermopower and
nearly zero thermopower at low temperature due to near
electron-hole symmetry in our measurement. CaMnBi2
has similar structure and band structure, so the negative
thermopower and nearly zero thermopower at 2 K im-
plies that the Fermi level is just above the Dirac-cone-
like point. A small change in the chemical potential
at finite temperature will induce the significant change
in the number and type of carriers, ultimately influenc-
ing the transport properties. The chemical potential at
finite temperature depends on both the magnetic field
and temperature.9 In CaMnBi2, the decrease in temper-
ature lowers the chemical potential which is just above
the Dirac-cone-like point toward this point, and then in-
duces the decrease in number of carriers (electrons). The
magnetic field suppression of the apparent Hall carrier
density in Fig. 2(c) demonstrates this point. Conse-
quently the absolute value of thermopower is suppressed
with decrease in temperature. The magnetic field also
lowers the chemical potential and suppresses the ther-
mopower.
In SrMnBi2, the magnetic field will lower the chem-
ical potential away from the Dirac-cone-like point and
will induce the increase in the number of carriers (holes).
This will ultimately enhance the thermopower. The
thermopower of SrMnBi2 below 30 K in zero and 9 T
field shows a linear temperature dependence (inset in
Fig. 1(b)), indicating that the diffusion mechanism dom-
inates. Diffusive Seebeck response of a Fermi liquid is
expected to be S = ±pi
2
2
k2
B
e
T
εF
where εF is the Fermi
energy.16,17 Both the thermopower below 30 K in 0 T
and 9 T field can be described by this formula very well
(lines in the inset of Fig. 1(b)), but in 9 T field the slope
of the low-temperature thermopower is much higher than
the one in 0 T field. The higher slope implies smaller
Fermi energy, so the change of the slope of the linear
thermpower in Field indicates the lowering of the chem-
ical potential. Based on above discussion, the doping
with holes in SrMnBi2 can further lower the chemical
potential and significantly enhanced thermopower could
be expected.
In summary, we report large magnetothermopower
effect in the recently reported bulk Dirac materials
(Sr/Ca)MnBi2. In SrMnBi2, thermopower is positive
indicating hole-type carriers. The maximum change
of thermopower is about 1600% in 9 T and at 10 K.
A negative thermopower is observed in CaMnBi2 with
electron-type carriers whereas magnetic field suppresses
the magnitude of thermopower. In both cases, the mag-
netic field has no influence on the thermal conductivity.
The large magnetothermopower effects in Dirac materi-
als (Sr/Ca)MnBi2 are attributed to the shift of chemical
potential in the linear bands by magnetic field.
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